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Abstract. A numerical model was used to predict and improve the flow characteristics in a hammer
mill. For this purpose a CFD (computational fluid dynamics) model was built. SST and LES
turbulence models was tested in order to improve the model. For the simulation of the sieve effect a
porous domain  was used. The pressure, velocity of fluid and also the turbulence areas were analyzed.
The physical properties of the milled particles and the grinding process parameters are greatly affected
by the fluid flow in the hammer mill and because of this, by understanding how the fluid flow takes
place inside it can lead to a improved design.
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INTRODUCTION
A hammer mill is the most used device in powder processes, and the fragmentation
rate is high due to the impact between the hammers and the material that must be milled. This
device is use in many industries (food, animals feed, pharmaceutical, and so on) where
fragmentation processes are needed.
The initial material particles once entered in the milling chamber are crushed by the
rotating hammers and after that, are involved in a rotational movement due to the drag forces
created by the fluid flow. Until the dimensions of the particles are not smaller than the sieve
opening dimension, the fragmentation process will go on. For an optimum milling process in
which the final dimension of the particles is achieved in the shortest time without affecting
the energy consumption of the hammer mill is very important to understand the fluid flow and
the impact mechanism inside milling chamber. A better understanding of these phenomena
will be useful for the achievement of an improved design.
The dynamics analysis of the air loaded with material particles flow inside grinding
chamber was developed by many researchers. Austin (2004) has developed a theoretical
model in which based on net milling power the particles size distribution of ground particles
can be predicted. Cleary et al. (2008) used numerical simulation for the analysis of fluid flow
and individual particle motion in tumbling mills and stirred media mills. Bakker (2001)
modeled fluid flow with CFD (Computational Fluid Dynamics) by numerically solving fluid
motion equations. The gas-solid two-phase systems has been used by Jayasundara et al.
(2009, 2011) for the analyses of fluid flow and individual particle motion inside Isa mill. The
fluid flow and motion of raw material particles and ground particles obtained in impact
pulverizers  was also simulated with coupling method CFD-DPM by Chatzilamprou et al.
(2006). Takeuchi et al. (2012) numerically analyzed individual particles motion using  CFD-
DPM coupling model. He investigated the mechanism of particle impact in a impact
pulverizer.
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MATERIAL AND METHOD
For this study a hammer mill MB 7.5 from S.C. TEHNOFAVOTIT Bontida S.A. was
used. The motor power is 7.5 kW and the rotational speed of hammer mill rotor is 3000 rpm.
The rotor is composed from 4 rows, each row having 4 hammers. The separation process of
the ground material is done by using a 4 mm sieve opening dimension. This sieve is placed at
the circumference of the grinding chamber.
For the simulation of fluid flow inside hammer mill grinding chamber a CFD-DPM
(Computational Fluid Dynamics – Discrete Phase Model) coupling model was used. Due to
rotating of the hammer mill rotor the fluid flow inside grinding chamber is turbulent and due
to this fact the fluid flow was assumed to be turbulent and unsteady. For the calculation of
fluid flow in a turbulent flow the continuity equation, the momentum equations, the total
energy equation and ideal gas equation of state were solved. The instantaneous equations
previously listed are as follows (ANSYS 2012):
The continuity equation
(1)
The momentum equations
(2)
Where the stress tensor, , is related to the strain rate by:
(3)
The total energy equation
(4)
Where  is the total ethalpy, related to the static enthalpy h (T, ρ) by:
The term  represents the work due to viscous stresses and is called the
viscous work term. This internal heating by viscosity in the fluid is negligible in most flows.
The term  represents the work due to external momentum source and is currently
neglected.
Ideal gas equation of state
For an ideal gas, density is calculated from the Ideal Gas law and  can be (at most)
a function of temperature:
(5)
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Where  is molecular weight,  is the absolute pressure, and  is the universal gas
constant.
In the above equations the terms used are as follows:
- - fluid density;
- - vector of velocity ;
- t - time;
- - shear stress or sub-grid scale stress;
- - static (thermodynamic) pressure;
- - momentum source;
- - molecular (dynamic) viscosity;
- - static (thermodynamic) temperature;
- - identity matrix or Kronecker Delta function;
- - specific total enthalpy;
- - thermal conductivity;
- - energy source.
In this study the shear stress transport (SST) turbulent model was used. Basically SST
model is an improved Baseline (BSL) k-Omega turbulent model. In the case of Wilcox k-
Omega turbulent model it was seen that depending on the value specified for ω at the inlet, a
significant variation in the results of the model can be obtained. This is undesirable and in
order to solve the problem, a blending between the k-ω model near the surface and the k-ε
model in the outer region was developed. It consists of a transformation of the k-ε model to a
k-ω formulation and a subsequent addition of the corresponding equations. The Wilcox model
is thereby multiplied by a blending function and the transformed k-ε model by a function
is equal to one near the surface and decreases to a value of zero outside the
boundary layer (that is, a function of the wall distance).
Wilcox (k-ω) model:
(6)
Transformed k - ε model:
(7)
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Next the Wilcox model equations are multiplied by function and the transformed
k-ε equations by 1- equation and the resulting k- and ω- are added to give the BSL model.
After including also buoyancy effect (gravity), the equations of the BSL model are (ANSYS
2012):
Transport equation of the turbulent kinetic energy
Transport equation of the turbulent frequency
(8)
where:
- k - turbulence kinetic energy per unit mass;
- - turbulent viscosity;
- - turbulence model constant for the turbulent kinetic energy equation;
- - coefficient of thermal expansion (for the Boussinesq approximation);
- - angular velocity;
- - k-ω turbulence model constant;
- - use as a subscript to indicate that the quantity applies to phase
The coefficients of the new model are a linear combination of the corresponding
coefficients of the underlying models:
All coefficients are listed again for completeness:
As listed above, the SST model comes with a modification of the BSL model. The last
(one) fails to properly predict the onset and amount of flow separation from smooth surfaces.
The main reason is that both models do not account for the transport of the turbulent shear
stress. This results in an overprediction of the eddy-viscosity. The proper transport behavior
can be obtained by a limiter to the formulation of the eddy-viscosity (ANSYS 2012):
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(9)
where:
(10)
 is a bending function similar to , which restricts the limiter to the wall
boundary layer, as the underlying assumption are not correct for the free shear flows. S is an
invariant measure of the strain rate.
The individual particle motion was calculated using DPM. In order to determine the
individual particle motion, the following equation must be solved:
(11)
The fluid drag force,  is written as:
(12)
(13)
where:
- - particle velocity;
- - perticle density;
- - particle diameter;
- particle Reynolds number.
The three-dimensional model of the hammer mill was crated in SolidWorks 2010 and
than the 3D model was imported in ANSYS 2010 CFX module.
There were considered two different rotating domains:
- one inside grinding chamber – this domain has as outer limit the sieve. This in his turn
consists in one proper rotating domain (in the area that is under hammers action) and two
static domains (one inside the rotor coaxial with the inlet area) and one in front of the hammer
mill rotor;
- the second rotating domain is represented by the area under the action of the fan
blades. The interface between the rotating domains and the stationary ones is frozen rotor type
option.
For the particle interaction (particle coupling) the option fully coupled (fully coupled
option)was used. This option allows particles to exchange momentum with the continuous
phase, allowing the continuous flow to affect the particles, and the particles to affect the
continuous flow.
The inlet of the particles in the grinding chamber was done by using particle injection
option. In this case it was considered that particles are distributed evenly over the entire area
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of the inlet pipe, assuming that this is done on 200 different trajectories (this value was
chosen as an approns one).
The sieve due to its complex geometry would need a fine mesh in this area. All this
will result in a big consumption of resources for the simulation. Due to this fact, the sieve was
assumed to be a porous domain having a porousity of 0.62 (or the total volume of sieve
opening represent 62% from the total sieve volume). Also for the loss model option was used
directional loss. The momentum source through an anisotropic porous region (such as a
honeycomb or perforated plate) may be modeled using the directional loss model (ANSYS
2012).
The material was defined as solid and the option particle transport solid option was
used for the definition of the fluid in which particles of material are in suspension. The
dimension of the particles was took as 0.49 mm (in diameter) value that was obtained in case
of experimental grinding with the hammer mill that was subjected to this numerical study.
The feed rate (of solid material) in the experimental study was determined as 0.18
kg/s, and this was the values used in the current study.
RESULTS AND DISCUSSIONS
Fluid pressure in grinding chamber
As it can be observed in Fig. 1 the distribution of total pressure inside hammer mill is
normal. In the central area where the initial material is absorbed into the grinding chamber
the pressure is higher that in the nearby area. This situations appears because the hammers
draw air from the center area and it creates a depresion in the area where they act. In the area
of the sieve the pressure increases and beyond it, in the action area of the fan blades it drops.
This situation is perfectly normal, at it shows that the porous domain (that was chosen for the
sieve) works properly. The fan also shows normal behavior: in front of the fan blades in the
direction of rotation the pressure is higher (the air with ground material particles is driven in
rotation movement) and behind the fan blades is created a depression due to which other
material particles of ground material with size smaller enought to pass from the sieve are
evacuated from the grinding chamber.
This centrifugal fan shows a discontinuity in increased pressure. There may be
additional studies in order to modify the distance between the axis of the grinding chamber
and the fan axis. Moreover, the distance between the fan and the wall increases early in the
bottom of the grinding chamber and this fact leads to sudden rise of pressure in this area.
Same conclusions regarding the distribution of pressure in the hammer mill can be
drawn from the analysis of FigS. 2 and 3. They represent only particular cases in which
sections have been made between two hammers (Fig. 2) or through the hammer (Fig. 3).
Moreover, it can be seen that the four hammers are radial aligned with four of the fan blades.
In both cases in front of the hammers and fan blades high pressure areas are created which
continue even if the sieve is placed between the action area of ventilator and the grinding
chamber. Rotating with about 5-10 degrees clockwise the hammers it will place them behind
the fan blades so taking advantage of the high pressure area in front of hammers and the
depression behind the fan blades will improve ground particles evacuation. But it must be
chosen carefully so that the material is not pushed back into the grinding chamber by a fan (in
the area where any hammer is placed.
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Fig. 1. Total pressure distribution inside hammer mill
Fig. 2. Pressure distribution inside hammer mill
(section view between the hammers)
Fig. 3. Pressure distribution inside hammer mill
(section view through the hammers)
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Fluid velocity in grinding chamber
In Fig. 4 is showed the calculated fluid velocity distribution inside hammer mill at a
rotating speed of 3000 rpm. The fluid velocity at the circumference of the grinding chamber is
higher that those in other areas. Also it can be seen, the velocity of the fluid in front of the
hammer is higher than the velocity at the extremity of the hammer. This is a result of the fluid
compression in front of the hammers. The numerical simulation was done both in a static
system and in a rotating system. The velocity vector distribution for this two cases can be
seen in Figs. 5 and 6. As it can be seen in this figures, in the fan area the biggest velocities are
recorded behind fan blades areas. The air loaded with particles that manages to pass through
the space between the bottom of the blade and sieve mill will accelerate from this point until
the point in which will meet next fan blade. This fluid also has a radial movement due to
centrifugal forces that act upon it.
Fig. 4. Fluid velocity distribution in grinding chamber
Fig. 5. Fluid velocity distribution in grinding chamber
(velocity vectors represent the stationary system)
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Fig. 6. Fluid velocity distribution in grinding chamber
(velocity vectors represent the rotating system)
Turbulence kinetic energy
Noise and vibration can occur also due to turbulence areas inside hammer mills. In
Fig. 7 this areas are highlighted. As it can be seen, the turbulence occurs especially in the
discharge area of the hammer mil, and in the area where the fan is acting (due to the high
speeds of the fluid and the limited space where the fluid it is forced to move). Behind the fan
blades the turbulence areas appear due to the fluid that pass below the blades in space
between them and the sieve. And after this, this fluid meets the compressed fluid that is in
front of the next fan blade.
Fig. 7. Turbulence kinetic energy
In Fig. 8 the distribution of the material particles in the grinding chamber and
evacuation area. As one can see, a higher density of particles is recorded in the inlet area of
the grinding chamber, at the periphery of the hammers near the sieve (this is the effect of the
centrifugal forces acting on the particles). Another zone with high particles density is in the
area between the tip of the fan blades and hammer mill chamber (due to the pressure created
by the fan in its evacuation process). As a conclusion, the grinding chamber pressure and
particle density are directly proportional.
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Fig. 8. Averaged volume fraction
CONCLUSIONS
By analyzing the fluid flow and particles motion inside grinding chamber with CFD-
DPM the next conclusions can be drawn:
1. It can be seen a normal distribution of total pressure inside hammer mill. Also it was
seen that the pressure in front of the hammers and fan blades was higher than behind them.
2. Further studies can be conducted to determine the optimum position of milling
chamber axis regarding hammer mill rotor axis for a better ground material evacuation.
3. The fluid velocity at the circumference of the grinding chamber is higher that those in
other areas. Also it can be seen that the velocity of the fluid in front of the hammer is higher
than the velocity at the extremity of the hammer.
4. The turbulences inside hammer mill occurs especially in the discharge area, and in
the area where the fan is acting (due to the high speeds of the fluid and the limited space
where the fluid it is forced to move).
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